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DESCRIPTION 



SEPARATOR FOR USE IN STORAGE BATTERY, AND 
STORAGE BATTERY 



Technical Field 

The present invention concerns a separator for use in 
Storage battery comprising a paper sheet formed by wet process 
and mainly composed of glass fibers , and a storage battery using 
the separator* 



Background Art 

Heretofore, a separator for use in storage battery 
comprising a paper sheet formed by wet process and mainly 
composed of glass fibers has been manufactured by using an 
inclined- type papering machine as shown in Fig. 5. In the 
drawing, fine arrows indicate the direction along which a paper 
stock solution 4 moves and fat arrows indicate the dewatering 
direction. 

However, in a case of manufacturing a paper sheet formed 
by wet process and mainly composed of glass fibers by using 
an inclined- type papering machine, a forming wire 6 is moved 
obliquely upward from a portion below a pool 5 filled with the 
paper stock solution 4 in which glass fibers are dispersed in 
water while dewatering from the lower surface of the forming 



wire 6 , ana glass fibers are accumulated on the upper surface 
of the forming wire 6 to form a glass fiber layer 2 . Accordingly, 
this results in a problem that relatively fine fibers are 
accumulated on the back-side surface of the sheet (on the side 
abutting against the forming wire 6 ) , while relatively large 
fibers are accumulated on the right-side surface (on the side 
opposed to the abutting surface to the forming wire 6 ) , thereby 
making the fiber distribution not uniform in the direction of 
the thickness of the sheet. Further, since relatively large 
fibers are accumulated on the right-side surface of the sheet, 
it also results in a problem that the surface smoothness is 
extremely poor at the right-side surface of the sheet . Further, 
since paper making process is conducted while moving the 
forming wire 6 that constitutes an accumulation surface of the 
glass fibers, that is a surface for forming the glass fiber 
layer 2, as soon as one end of a fiber reaches on the surface 
of the forming wire 6 , the fiber tends to be pulled in the moving 
direction of the forming wire 6. Accordingly, fibers are 
oriented more in the moving direction of the forming wire 6. 
that is, in the longitudinal direction of the sheet, to also 
result in a problem of making the fiber orientation not uniform 
in the longitudinal and the cross directions of the sheet (with 
directionality in fiber orientation) . Particularly, since 
the problem becomes more conspicuous when the paper making 
speed increases, this constitutes one of factors that the paper 
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making speed can not be Increased easily* 

Such a problem may be remarkable in a case of using the 
separator as the separator for use in a valve regulated 
lead-acid battery. At first, in a case where the distribution 
of fibers in the direction of the thickness of the sheet is 
not uniform, that is, when gradient is formed to the fiber 
distribution, the same trend appears also in the distribution 
of the density along the direction of the thickness to result 
in the difference for the wicking velocity of an electrolyte 
between the right-side and the back-side surfaces of the sheet. 
Accordingly r this makes the rooveability of the electrolyte not 
uniform during charge and discharge to vary the battery 
performance. Further, when the surface smoothness of the 
sheet is poor, adhesion with an electrode plate is worsened, 
oxygen gas recombination reaction is no more taken place 
smoothly to cause degradation of the battery performance. 
Further, in a case where the fiber distribution is not uniform 
in the longitudinal and the cross directions of the sheet (with 
directionality in fiber orientation) , a difference is caused 
to the wicking velocity of the electrolyte between the 
longitudinal and the cross directions of the sheet. In 
addition, in a case where the paper making speed can not be 
increased greatly, it is difficult to improve the productivity, 
that is, to reduce the manufacturing cost* 

In view of the above, it is an object of the present 
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Invention to provide a separator for use in storage battery 
comprising a paper sheet formed by wet process and mainly 
composed of glass fibers in which the fiber distribution is 
uniform in the longitudinal and the cross directions of the 
separator, the fiber orientation is at random in the 
longitudinal and the cross directions of the separator , or the 
fiber distribution is uniform in the longitudinal and the cross 
directions and in the direction of the thickness of the 
separator, the fiber orientation is at random in the 
longitudinal and the cross directions of the separator, and 
the randomness of the fiber orientation in the longitudinal 
and the cross directions is uniform in the direction of the 
thickness of the separator, or, further, the surface state at 
the right-side and the back- side surfaces of the separator is 
favorable, as well as a storage battery using the separator 
described above* 

Disclosure of the invention 

For attaining the foregoing object, a separator for use 
in storage battery comprising a paper sheet formed by wet 
process and mainly composed of glass fibers according to the 
present invention is characterized, as described in claim 1, 
that the fiber distribution is uniform in the longitudinal and 
the cross directions of the separator, and the fiber 
orientation is at random in the longitudinal and the cross 



4 



directions of the separator. 

Further, a separator for use in storage battery as 
described In claim 2 is characterized In that the average value 
for a difference of a wicking velocity (time required for 
absorbing up to 5 cm height ) between the longitudinal and the 
cross directions of the separator for use in storage battery 
is 11% or less in the separator for use in storage battery 
according to claim 1. 

Further, a separator for use in storage battery as 
described in claim 3 is characterized in that the average value 
for a difference of a wicking velocity (time required for 
absorbing up to 5 cm height) between the longitudinal and the 
cross directions of the separator for use in storage battery 
is 7% or less in the separator for use in storage battery 
according to claim 2. 

Further, a separator for use in storage battery as 
described in claim 4 is characterized in that the fiber 
distribution is uniform in the direction of the thickness of 
the separator, and the randomness of the fiber orientation in 
the longitudinal and the cross directions of the separator is 
uniform in the direction of the thickness of the separator in 
the separator for use in storage battery according to claim 
1. 

Further , a separator for use in storage battery as 
described in claim 5 is characterized in that the average value 
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for a difference of a wicklng velocity (time required for 
absorbing up to 5 cm height) between the right-side and the 
back- side surfaces of the separator for use in storage battery 
is 17% or less in the separator for use in storage battery- 
according to claim 4. 

Further, a separator for use in storage battery as 
described in claim 6 is characterized in that the average value 
for a difference of a wicking velocity (time required for 
absorbing up to 5 cm height) between the right-side and the 
back- side surfaces of the separator for use in storage battery 
is 10% or less in the separator for use in storage battery- 
according to claim 5 . 

Further, a separator for use in storage battery as 
described in claim 7 is characterized in that there is no 
difference in the surface roughness between the right-side and 
the back- side surfaces of the separator for use in storage 
battery and both of them are smooth in the separator for use 
in storage battery according to claim 1. 

Further, a separator for use in storage battery as 
described in claim 8 is characterized in that the separator 
for use in storage battery is manufactured by using an 
inclined- type papering machine provided with a pond regulator 
in the separator for use in storage battery according to claim 
1. 

Further, a separator for use in storage battery as 
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described in claim 9 is characterized in that the separator 
for use in storage battery is manufactured toy using a twin 
wire-type papering machine in the separator for use in storage 
battery according to claim 1. 

Further, a separator for use in storage battery as 
described in claim 10 is characterized in that it is used for 
a valve regulated storage battery in the separator for use in 
storage battery according to claim 1. 

Further, for attaining the foregoing object/ a storage 
battery according to the present invention is characterized 
by using a separator for use in storage battery according to 
claim 1 as described in claim 11. 

Brief Description of the Drawings 

Fig. l is an entire view showing a schematic constitution 
of an inclined- type papering machine provided with a pond 
regulator for manufacturing a separator for use in storage 
battery according to the invention. 

Fig. 2 is an entire view showing a schematic constitution 
of a twin wire- type papering machine for manufacturing a 
separator for use in storage battery according to the 
invention. 

Fig. 3 is an SEM (Scanning Electron Microscope) 
photograph showing an entire portion of a cross section, an 
upper layer, an intermediate layer, and a lower layer of the 
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cross section of a separator for use in storage battery of 
Examples 2 to 5 and Comparative Example 2. 

Fig. 4 is an SEM photograph showing the right-side and 
the back-side surfaces of a separator for use in storage battery 
Of Examples 2 to 5 and Comparative Example 2. 

Fig. 5 is en entire view showing a schematic constitution 
of an inclined- type papering machine for manufacturing an 
existent separator for use in storage battery. 

Best Mode for Practicing the Invention 

Now, embodiments of the present invention are to be 

described with reference to the drawings. For easy 

♦ 

understanding of explanation, an existent inclined- type 
papering machine is at first described again, and then, an 
inclined-type papering machine provided with a pond regulator 
and a twin wire -type papering machine used in the invention 
are to be described. 

At first, in the existent inclined- type papering machine, 
as shown in Pig . 5 described above , for obtaining a glass fiber 
layer 2 from a paper stock solution 4 in which glass fibers 
are dispersed in water, dewatering is applied only from the 
lower side of the plane of a wire 6 on which glass fibers are 
accumulated, that is, from one side (back-side surface) of the 
glass fiber layer 2. in this case, a pool 5 is formed by using 
a great amount of water for improving the dispersibility of 
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the glass fibers* The paper stock solution 4 initially has 
a constant flow rate upon supplying from a paper stock solution 
supply port 3, but the flow rate is gradually lost, because 
the liquid height in the pool 5 is high. Accordingly, the glass 
fibers in the paper stock solution 4 substantially take a state 
approximate to that of spontaneous settling in the pool 5. 
Therefore, it is difficult to obtain the glass fiber layer 2 
of uniform fiber distribution in the direction of the thickness . 
Further, while the pool 5 is decreased in the size by 
controlling water to a smaller amount, no sufficient dispersion 
can be obtained before the paper stock solution supply port 
3. Further, since the glass fibers in the form accumulated 
in the spontaneous settling state are accumulated on the 
surface of the moving forming wire 6, fibers are tended to be 
oriented more in the moving direction of the forming wire 6 
and it is also difficult to obtain the glass fiber layer 2 with 
the fiber orientation being at random (with no directionality 
in the fiber orientation) in the longitudinal and the cross 
directions • 

On the contrary, while the inclined- type papering 
machine provided with a pond regulator used for the invention 
is identical with the existent inclined-type papering machine 
in view of the basic constitution, it is different by the 
provision of a pond regulator 8 over the pool 5 . As shown in 
Fig. l r by pressing the liquid surface of the pool 5 by the 
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pond regulator 8 when dewatering is applied from the lower side 
of the surface of the forming wire 6, the paper stock solution 
4 supplied from the paper stock solution supply port 3 can be 
moved onto the forming wire 6 without lowering the flow rate. 
Particularly, in this invention, it is controlled such that 
the flow rate of the paper stock solution 4 is substantially 
equal with the moving speed of the forming wire 6 . Accordingly , 
the paper stock solution 4 always flow at a constant flow rate 
and the glass fibers in the paper stock solution 4 are not 
settled spontaneously but transferred in a state where the 
glass fibers are dispersed at random in the paper stock solution 
4 onto the forming wire 6 and processed into paper. In addition, 
since the flow rate of the paper stock solution 4 is 
substantially identical with the moving speed of the forming 
wire 6, the glass fibers are not pulled in the moving direction 
of the forming wire 6. Accordingly, the glass fiber layer 2 
in which the fiber distribution of the glass fibers is uniform 
in the longitudinal and the cross directions and in the 
direction of the thickness » the fiber orientation is at random 
in the longitudinal and the cross directions (with no 
directionality in the fiber orientation) and the randomness 
of the fiber orientation in the longitudinal and the cross 
directions are uniform in the direction of the thickness can 
be obtained easily. 

Further, a twin wire -type papering machine used in the 



10 



invention, as shown in Pig. 2, in order to obtain a glass fiber 
layer 2 from the paper stock solution 4 in which glass fibers 
are dispersed in water, is structured such that dewatering is 
applied simultaneously from both sides put between two wires 
16 and 17, that is, from both surfaces of the glass fiber layer 
2. In this case, while a great amount of water is used for 
improving the dispersibility of the glass fibers, a pool 5 as 
in the case of the existent inclined- type papering machine 
shown in Fig. 5 is not formed. Further, while the glass fibers 
in the paper stock solution 4 is partially dewatered during 
transportation by the forming wire 16, even when the dispersed 
state of the glass fibers in the paper stock solution 4 becomes 
not uniform, since the glass fibers in the paper stock solution 
4 are agitated by the backing wire 17. as a second wire, the 
glass fiber layer 2 is formed in a state where the glass fibers 
are uniformly dispersed in the paper stock solution 4 , Further, 
due to the basic difference of the dewatering system, since 
the glass fibers are not accumulated in the spontaneous 
settling state as in the case of the existent inclined- type 
papering machine, the glass fibers are not pulled in the moving 
direction of the forming wire 16 as well. Accordingly, the 
glass fiber layer 2 in which the fiber distribution of the glass 
fibers is uniform in the longitudinal and the cross directions 
and in the direction of the thickness, the fiber orientation 
is at random in the longitudinal and the cross directions (with 
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no directionality in the fiber orientation) , and the randomness 
of the fiber orientation in the longitudinal and the cross 
directions is uniform in the direction of the thickness can 
be obtained easily. Arrows in the drawing show the dewatering 
direction. 

The separator for use in storage battery according to 
the invention comprises a paper sheet formed by wet process 
and mainly composed of glass fibers and may contain, in addition 
to the glass fibers, inorganic powder such as silica, fibers 
or resins such as polyolefin. polyester, and acrylonitrile 
excellent in acid resistance and oxidation resistance. 

The examples of the present invention are to be explained 
in detail with the comparative examples , but the invention is 
not restricted to those examples. 
Example 1 

100 mass% of fine glass fibers with an average fiber 
diameter of 0.8 jim were beaten using paper making water at pH 
of 2.5, and processed into paper at a paper making speed of 
48 m/min by using an inclined- type papering machine provided 
with a pond regulator, to obtain a separator for use in a valve 
regulated lead-acid battery of 1.1 mm thickness and with 154 
g/m 2 of grammage. 
Example 2 

100 mass% of fine glass fibers with an average fiber 
diameter of 0.8 \im were beaten using paper making water at pH 
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of 2*5, and processed into paper at a paper making speed of 
24 m/min by using an inclined- type papering machine provided 
with a pond regulator, to obtain a separator for use in a valve 
regulated lead-acid battery of 2 . 2 mm thickness and with 308 
g/m 2 of grammage. 
Example 3 

100 mass* of fine glass fibers with an average fiber 
diameter of 0.8 \xm were beaten using paper making water at pH 
of 2.5, and processed into paper at a paper making speed of 
80 m/min by using a twin wire -type papering machine, to obtain 
a separator for use in a valve regulated lead-acid battery of 
1-0 mm thickness and with 135 g/m 2 of grammage. 
Example 4 

100 mass% of fine glass fibers with an average fiber 
diameter of 0.8 urn were beaten using paper making water at pH 
of 2.5, and processed into paper at a paper making speed of 
300 m/min by using a twin wire-type papering machine, to obtain 
a separator for use in a valve regulated lead-acid battery of 
1.0 mm thickness and with 135 g/m 2 of grammage. 
Example 5 

100 mass* of fine glass fibers with an average fiber 
diameter of 0.8 were beaten using paper making water at pH 
of 2.5, and processed into paper at a paper making speed of 
80 m/min by using a twin wire-type papering machine, to obtain 
a separator for use in a valve regulated lead- acid battery of 
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2.0 mm thickness and with 270 g/m* of grammage. 
Comparative Example 1 

100 mass% of fine glass fibers with an average fiber 
diameter of 0,8 (un were beaten using paper making water at pH 
of 2.5, and processed into paper at a paper making speed of 
20 m/min by using an inclined- type short net papering machine, 
to obtain a separator for use in a valve regulated lead-acid 
battery of 1.0 mm thickness and with 135 g/m 2 of grammage • 
Comparative Example 2 

100 mass% of fine glass fibers with an average fiber 
diameter of 0.8 were beaten using paper making water at pH 
of 2*5, and processed into paper at a paper making speed of 
10 m/mln by using an inclined- type short net papering machine, 
to obtain a separator for use in a valve regulated lead- acid 
battery of 2.0 mm thickness and with 270 g/m 2 of grammage. 

Then, for each of the separators of Examples 1 to 5 and 
Comparative Examples 1 and 2 obtained as described above, 
properties of each separator including thickness, grammage, 
density, difference in the wicking velocity between the 
longitudinal and the cross directions, difference in the 
wicking velocity between the right-side and the back- side 
surfaces, the surface roughness (right-side, back-side), and 
the difference of the surface roughness between the right-side 
and the back- side surfaces were measured- The results are 
shown in Table 1. Further, the right-side and the back- side 
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surfaces and the cross section for each of the separators of 
Examples 2 to 5 and Comparative Example 2 were observed by an 
electron microscope to confirm the fiber distribution state, 
etc. Photographs are shown in Fig. 3 and Fig. 4, respectively. 
Then, each of the separators of Examples 1 to 5 and 
Comparative Examples 1 to 2 obtained as described above was 
assembled into a valve regulated lead-acid battery at 2V-33 
Ah, and the battery performances of initial capacity and cycle 
life (number of cycles) were measured. The results are shown 
in Table 1. 

The test methods for the sheet properties and the battery 
performances are as shown below. 

For measuring the sheet properties, each of the 
separators of Examples 1 to 5 and Comparative Examples 1 and 
2 was manufactured by 10 lots and Table 1 contains numerical 
values for the average or range thereof . 

The longitudinal direction of the separator corresponds 
to the length direction of products upon production of 
separators (machine direction) and r on the other hand, the 
cross direction of the separator corresponds to the width 
direction of products upon production of separators. 

Further, the right-side surface of the separator means 
the right-side surface upon production of separators (the 
surface opposite to the surface abutting against the forming 
wires 6, 16) and, on the other hand, the back-side surface of 
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the separator means the back- side surface upon production of 
separators (the surface abutting against the forming wires 6, 
16) . 

(Difference of the wicking velocity between the longitudinal 
and the cross directions) 

For evaluating the uniformity of the fiber distribution 
and the randomness of the fiber orientation of the separator 
for use in storage battery in the longitudinal and the cross 
directions, the wicking velocity of the longitudinal direction 
and the wicking velocity of the cross direction of the separator 
were measured respectively, and the difference of the wicking 
velocity between both of them was calculated based on the 
result . 

For the measurement of the wicking velocity , a separator 
with 25 mm width and 10 cm height or more was used as a specimen, 
the specimen was dipped in a vertical state by 1 cm at a lower 
end thereof in sulfuric acid at 1.30 specific gravity and the 
time (sec) required for absorbing sulfuric acid up to 5 cm was 
measured . 

The difference of the wicking velocity was calculated 
according to the following equation: 

{absolute value for (wicking velocity of the longitudinal 
direction - wicking velocity of the cross 
direction)} /{(wicking velocity of the longitudinal direction 
+ wicking velocity of the cross direction) /2> x 100 
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(Difference of the wicking velocity between the right-side and 
the back-side surfaces) 

For evaluating the uniformity of the fiber distribution 
in the direction of the thickness of the separator for use in 
storage battery, and the uniformity in the direction of the 
thickness of the randomness of the fiber orientation in the 
longitudinal and the cross directions thereof, the wicking 
velocity of the right-side surface and the wicking velocity 
of the back- side surface of the separator- were measured 
respectively, and the difference of the wicking velocity 
between both of them was calculated based on the result. 

For the measurement of the wicking velocity, a separator 
with 25 mm width and 10 cm height or more was used as a specimen, 
the specimen was dipped in a vertical state by 1 cm at a lower 
end thereof in sulfuric acid at 1.30 specific gravity and the 
time (sec) required for absorbing sulfuric acid up to 5 cm was 
measured. 

The difference of the wicking velocity was calculated 
according to the following equation: 

(absolute value for (wicking velocity of the right-side surface 
- wicking velocity of the back-side surf ace) }/{ (wicking 
velocity of the right-side surface + wicking velocity of the 
back-side surface) /2> x 100 

[Surface roughness] [Difference of the surface roughness 
between the the right-side and the back-side surfaces] 
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The right-side and the bade- side surfaces of the 
separator were visually observed respectively and the 
concavity/convexity degree was evaluated according to ranks 
from 1 to 5 as the surface roughness. Further, the difference 
between them (absolute value) was defined as the difference 
of the surface roughness. That is, the maximum difference of 
the surf ace roughness is 4 and the minimum difference thereof 
is 0. The surface roughness was ranked as 
It smooth, 

2 i partially having concavity/ convexity . 
3: concavity/ convexity was small, 
4: concavity/ convexity was medium, and 
5: concavity/ convexity was large. 

[Microscopic observation for the cross section and the 
right-side and the back-side surfaces of the separator] 

After rapidly refrigerating the separator so as not to 
collapse the structure of the separator, it was cut into an 
appropriate size and put to SEM observation. The magnifying 
factor was 40 to 50x for the entire cross section, 500x for 
each portion of the cross sections (upper layer, intermediate 
layer, lower layer) and 40x for the right-side and the back-side 
surfaces . 

[Initial capacity] 

The capacity of the initial state of battery was 
measured. 
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[Cycle life (number of cycles)] 

Cycle life test was conducted with charging at 1A x 2h 
and discharging at 0.4A x 6h being as 1 cycle . 



Table 1 



Item 


Unit 


Example 
1 


Example 
2 


Example 
3 


Example 
4 


Example 
5 


Comp. 
Example 
1 


Comp. 
Example 
2 


Manufacturing 
condition 


Type of papering machine 


• 


Inclined-type 
(pond regulator) 


Twin wire-type 


Incline 


d-type 


Paper making speed 


1 J UllllI 1 


46 24 


80 I 300 I 80 


20 I * 10 


Material blending 


mass% 


Glass fiber 100% 


Glass fiber 100% 


Sheet 

properties 

•1 


Thickness 


Average 


mm 


1.10 


2.20 


1.00 


1.00 


2.00 


1.00 


2.00 


Grammage 


Average 


g/m* 


154 


306 


135 


135 


270 


135 


I 270 


Density 


Averaqe 


g/cm 3 


0.140 


0.140 


0.135 


0.135 


0.135 


0.135 


0.135 


Difference of wicking 
velocity 

(longitudinal and 
cross directions) 


Average 


% 


7.1 


9.4 


3,0 


5.3 


5.6 


25.2 


29.2 


Range 


% 


4.2-10,3 


5.2-13.3 


0-5.6 


1.8-9.2 


1.5-9.5 


22,f>29.6 


25.0-34.6 


Difference of wicking 
velocity 
(right-side and 
back-side surfaces) 


Average 


% 


12.1 


15.8 


6.1 


7.2 


8.9 


33.4 


37.8 


Range 


% 


8,3-16.6 


11.2-20.1 


Z0-9.0 


3.2-9.7 


3.4-13.1 


29.6-37.8 


33.341.9 


Surface 
roughness 


right-side 


Averaqe 




3 


5 


1 


1 


1 


3 


5 


Ranee 




3-3 


5-5 


1-1 


1-1 


1-1 


3-3 


5-5 


back-side 


Average 




1 


1 


1 


1 


1 


1 


1 J 


Range 




1-1 


1-1 


1-1 


1-1 


1-1 


1-1 


1-1 


Difference of surface 
roughness 
(right-side and 
back-side surfaces) 


Averaqe 




2 


4 


0 


0 


0 


2 


4 


Range 




2-2 


4-4 


0-0 


0-0 


0-0 


2-2 


44 


Production cost*2 




75 


80 


73 


66 


69 


95 


100 


Battery 
performances 


Initial capacity *3 




123 


118 


130 


125 


123 


102 


100 


Number of cycles *4 




119 


115 


126 


123 


120 


105 


100 



*1 Sheet properties: Products were manufactured by 10 lots and represented by the numerical values for the average values or n 
values (minimum value- maximum value), 

m 2 Production cost: represented by a relative value based on that for Comparative Example 2 as 100. 
*3 Initial capacity: represented by a relative value based on that for Comparative Example 2 as 100. 
*4 Number of cycles: represented by a relative value based on that for Comparative Example 2 as 100. 

The followings have been found from Table 1. 
(1) While the difference of the wicking velocity between the 
longitudinal and the cross directions of the separators of 
Examples 1 and 2 manufactured by an inclined -type papering 
machine provided with a pond regulator was from 7.1 to 9.4% 
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in the average value , which was somewhat larger compared with 
that of the separators of Examples 3 to 5 manufactured by a 
twin wire- type papering machine, the wicking velocity was 
substantially made uniform in the longitudinal and the cross 
directions. and it could be estimated that the fiber 
distribution in the longitudinal and the cross directions was 
substantially uniform and the fiber orientation in the 
longitudinal and the cross directions was substantially at 
random (with no directionality in the fiber orientation) in 
the separators of Examples 1 and 2. 

Further , the difference of the wicking velocity between 
the longitudinal and the cross directions of the separators 
of Examples 3 to 5 manufactured by a twin wire -type papering 
machine was from 3.0 to 5*6 % in the average value and 9.5% 
at the maximum, so that the wicking velocity was made uniform 
in the longitudinal and the cross directions , and it could be 
estimated that the fiber distribution in the longitudinal and 
the cross directions was uniform and the fiber orientation in 
the longitudinal and the cross directions was at random in the 
separators of Examples 3 to 5 . 

On the contrary, the difference of the wicking velocity 
between the longitudinal and the cross directions of the 
separators of Comparative Examples 1 and 2 manufactured by an 
usual inclined-type papering machine was from 25.2 to 29.2% 
in the average value and 22.0% at the minimum value, so that 
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the wicking velocity was not made uniform at all in the 
longitudinal and the cross directions, and it could be 
estimated that the fiber distribution in the longitudinal and 
the cross directions was not uniform, or /and, the fiber 
orientation in the longitudinal and the cross directions was 
not at random (with directionality in the fiber orientation) 
in the separators of Comparative Examples 1 and 2. 
(2) While the difference of the wicking velocity between the 
right-side and the back-side surfaces of the separators of 
Examples 1 and 2 manufactured by an inclined-type papering 
machine provided with a pond regulator was from 12,1 to 15.8% 
in the average value , which was somewhat larger compared with 
that of the separators of Examples 3 to 5 manufactured by a 
twin wire -type papering machine, the wicking velocity was 
substantially made uniform at the the right-side and the 
back-side surfaces, and it could be estimated that there is 
no significant difference in the fiber distribution and the 
fiber orientation between the right- side and the back^side 
surfaces, and the fiber distribution in the direction of the 
thickness was substantially uniform and the randomness of the 
fiber orientation in the longitudinal and the cross directions 
was substantially uniform in the direction of the thickness 
in the separators of Examples 1 and 2. 

Further, the difference of the wicking velocity between 
the right-side and the back-side surfaces of the separators 



21 



of Examples 3 to 5 manufactured by a twin wire -type papering 
machine was from 6.1 to 8.9% in the average value and 13.1% 
at the maximum, so that the wicking velocity was made uniform 
at the right-side and the back-side surfaces, and it could be 
estimated that there is no difference in the fiber distribution 
and the fiber orientation between the right-side and the 
back-side surfaces , and the fiber distribution in the direction 
of the thickness was uniform and the randomness of the fiber 
orientation in the longitudinal and the cross directions was 
uniform in the direction of the thickness in the separators 
of Examples 3 to 5 . 

On the contrary, the difference of the wicking velocity 
between the right-side and the back- side surfaces of the 
separators of Comparative Examples 1 and 2 manufactured by an 
usual inclined- type papering machine was from 33.4 to 37.8% 
in the average value and 29.6% at the minimum value, so that 
the wicking velocity was not made uniform at all at the 
right-side and the back-side surfaces, and it could be 
estimated that there is a distinct difference in the fiber 
distribution or/and the fiber orientation between the 
right-side and the back-side surfaces, and the fiber 
distribution in the direction of the thickness was not uniform, 
or/ and, the randomness of the fiber orientation in the 
longitudinal and the cross directions was not uniform in the 
direction of the thickness in the separators of Comparative 
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Examples 1 and 2. 

(3) For the surface roughness at the right-side and the 
back- side surfaces of the separators of Examples 1 and 2 
manufactured by an inclined- type papering machine provided 
with a pond regulator, while the surface roughness at the 
back- side surface was 1 (smooth) ,. the surface roughness at the 
right-side surface was 3 (small concavity/convexity) to 5 
(large concavity/convexity) and the difference of the surface 
roughness between the right-side and the back- side surfaces 
was 2 to 4, and the surface roughness and the difference of 
the surface roughness between the right-side and the back-side 
surfaces could not be improved. 

The surface roughness at the right-side and the back- side 
surfaces of the separators of Examples 3 to 5 manufactured by 
a twin wire -type papering machine was 1 both for the right-side 
and the back- side surfaces, that is. it was smooth and could 
be confirmed that the difference of the surface roughness 
between the right-side and the back-side surfaces is 0. 

For the surface roughness at the right-side and the 
back- side surfaces of the separators of Comparative Examples 
1 and 2 manufactured by an usual inclined- type papering machine, 
while the surface roughness at the back- side surface was 1 
(smooth) , the surface roughness at the right-side surface was 
3 (small concavity/ convexity) to 5 (large 

concavity/ convexity) and the difference of the surface 
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roughness between the right-side and the back- side surfaces 
was 2 to 4 . 

(4) The paper making process was conducted while increasing 
the paper making speed to 80 m/min, that is, 4 to 8 times in 
Examples 3 and 5 and further 300 m/min, that is, three times 
or more further in Example 4 compared with Comparative Examples 
1 and 2 but no significant disadvantage was observed in view 
of the sheet properties. Accordingly, in a case of 
manufacturing the separator of the invention, it could be 
confirmed that the paper* making speed could be increased up 
to 300 m/min by using a twin wire-type papering machine. 

Further, the paper making speed could be increased also 
in Examples 1 and 2 using an inclined- type papering machine 
provided with a pond regulator to 2.4 times compared with 
Comparative Examples 1 and 2 using an usual inclined-type 
papering machine, based on the comparison between those having 
the grammage of the sheet relatively approximate to each other 
(between Examples 1 and Comparative Example 1, and between 
Examples 2 and Comparative Example 2). This is because the 
paper making speed could not be increased in a case of 
Comparative Examples 1 and 2 using the usual inclined- type 
papering machine since fibers were tended to be oriented more 
to the length direction of the sheet remarkably in a case when 
the paper making speed was increased further, whereas the 
fibers could be controlled such that the fibers were not 
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oriented more to the length direction of the sheet even when 
the paper making speed was increased in a case of Examples 1 
and 2 using the inclined- type papering machine provided with 
the pond regulator since the flow rate of the paper stock 
solution could be controlled by the pond regulator. 

Further, it could also be confirmed that since the paper 
making speed, that is, the production speed could be increased, " 
the production cost for the separators could be decreased by 
23 to 31% in a case of Examples 3 to 5 using the twin wire-type 
papering machine and by 20 to 21% in a case of Examples 1 and 
2 using the inclined- type papering machine provided with the 
pond regulator compared with Comparative Examples 1 and 2 using 
the usual inclined -type papering machine, based on the 
comparison between those having the grammage of the sheet 
relatively approximate to each other (Examples l. 3 and 4 
relative to Comparative Example 1 , and Examples 2 and 5 relative 
to Comparative Example 2). 

(5) In the battery using the separators of Examples 1 and 
2, the initial capacity could be improved by 18 to 23% and the 
number of cycles could also be improved by 15 to 19% compared 
with the battery using the separator of Comparative Example 
2. In the battery using the separators of Examples 3 to 5. 
the initial capacity could be Improved by 23 to 30% and the 
number of cycles could also be Improved by 20 to 26% compared 
with the battery using the separator of Comparative Examples 
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Further, the followlngs have been found from Fig. 3 and 
Fig. 4. 

(1) From Fig, 3, in the separator of Comparative Example 2 
manufactured by the usual inclined- type papering machine r 
accumulation of fine glass fibers was observed in the lower 
layer (layer on the side of back-side surface) of the separator 
and it could be confirmed that the fiber distribution was 
localized in the direction of the thickness of the separator 
and the fiber distribution was not uniform. On the contrary, 
in the separator of Examples 2 manufactured by the 
inclined- type papering machine provided with the pond 
regulator, and the separators of Examples 3 to 5 manufactured 
by the twin wire- type papering machine, localization of the 
fiber distribution as observed in Comparative Example 2 was 
not observed in the upper layer -Intermediate layer-lower layer 
of the separator and it could be confirmed that the fiber 
distribution was uniform in the direction of the thickness of 
the separator, 

(2) From Fig. 4, in the separator of Comparative Example 2, 
accumulation of fine glass fibers was observed only at the 
back- side surface of the separator and it could be confirmed 
that the fiber distribution was not uniform at the right-side 
and the back- side surfaces of the separator. On the contrary, 
in the separators of Examples 2 to 5, no difference was observed 
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at all for the fiber distribution between the right-side and 
the back- side surfaces of the separators and it could be 
confirmed that the fiber distribution was uniform at the 
right-side and the back- side surfaces of the separator. 

(3) Prom Pig. 4, in the separator of Comparative Example 2. 
orientation was observed more in the longitudinal direction 
both at the right-side and the back- side surfaces of the 
separator as the orientation of the glass fibers and it could 
be confirmed that the fiber orientation was localized in the 
longitudinal and the cross directions of the separator and the 
fiber orientation was not at the random orientation. On the 
contrary, in the separators of Examples 3 to 5, localization 
of the fiber orientation as observed in Comparative Example 
2 was not observed at the right -side and the back- side surfaces 
of the separators and it could be confirmed that fiber 
orientation was in quite at random in the longitudinal and the 
cross directions of the separator. In the separator of Example 
2 , compared with the separators of Examples 3 to 5 , 
substantially identical random orientation was present at the 
back- side surface, and somewhat more orientation in the 
longitudinal direction was observed at the right-side surface, 
but it is not so remarkable as in the separator of Comparative 
Example 2 . 

(4) The foregolngs support the result for the difference of 
the wicking velocity between the longitudinal and the cross 
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directions, difference of the wicking velocity between the 
right-side and the back-side surfaces, and the difference of 
the surface roughness between the right-side and the back-side 
surfaces shown in Table 1 . 

Industrial Applicability 

Since the separator for use in storage battery according 
to the invention comprising a paper sheet formed by wet process 
and mainly composed of glass fibers is processed into paper 
sheet in a state where glass fibers in the paper stock solution 
are uniformly stirred by using an inclined- type papering 
machine provided with a pond regulator or a twin wire -type 
papering machine, a separator of a sheet in which the fiber 
distribution is uniform in the longitudinal and the cross 
directions, the fiber orientation is at random in the 
longitudinal and the cross directions, and the fiber 
distribution is uniform in the direction of the thickness, and 
the randomness of the fiber orientation in the longitudinal 
and cross directions is uniform in the direction of the 
thickness can be obtained. Accordingly, in the storage 
battery using the separator for use in storage battery 
according to the invention, the gas recombination reaction is 
made uniform, the moveability of an electrolyte during charge 
and discharge is also made uniform, and it can provide higher 
performance and stabilization of the battery performance, 
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particularly, when it is applied to a valve regulated lead-acid 
battery. 

Further, in a case where the separator for use in storage 
battery according to the invention is formed, particularly, 
by using a twin wire- type papering machine, a separator at which 
both of the right-side and the back- side surfaces of the sheet 
are smooth and with no difference in the surface roughness 
between the right-side and the baclc-side surfaces can be 
obtained and it provides an effect of improving the adhesion 
between the separator and an electrode plate as well as an 
effect that the gas recombination reaction of the separator 
is more uniform in the storage battery using the separator. 

Further, in a case of manufacturing the separator for 
use in storage battery according to the invention by using an 
inclined- type papering machine provided with a pond regulator 
or a twin wire- type papering machine, since it can be processed 
into paper at higher speed than in the existent inclined-type 
papering machine without especially ruining the quality of the 
sheet, it is possible to improve the production efficiency and 
greatly reduce the production cost for the separator. 
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